Abstract: This article presented the results of a comparative analysis of carabid species compositions (Coleoptera: Carabidae) in urban green areas of the City of Lublin, Eastern Poland. In this study, the occurrence and abundance of ground beetles were analysed according to habitat preference and dispersal ability. A total of 65 carabid species were found in the three green areas. Obviously, the high species richness of ground beetles in the greenery of the Lublin is determined by the mostly undeveloped floodplain of the river Bystrzyca. The species richness of carabids and their relative abundance decrease in the assemblage of green areas under the effect of isolation of green patches and fragmentation of the semi-natural landscape elements in the urban environment. Generalists and open-habitat species significantly prevailed in all green areas. The prevailing of riparian and forest species at floodplain sites of the river Bystrzyca demonstrated the existence of a connection of the carabid assemblage with landscape of river valley. The Saski Park and gully "Rury" are more influenced by urbanization (fragmentation, isolation of green patches) and recreation that is consistent with the significant prevalence of open-habitats species in the carabid beetle assemblage.
Introduction
The growth of populated areas and the transformation of landscapes have been important factors from the second half of the 20 th century to the present. The expansion of cities is accompanied by reduced ratio of green to residential zones. Urban ecosystems are characterized by high-density human habitation, intense transportation processes, and only remnants of natural habitats [1, 2] . At the same time, permanent contamination is experienced in the territory of modern settlements through atmospheric precipitation and dust settling [3, 4] . Pollutants can be influence invertebrates [5] . As noted McIntyre et al. [6] the invertebrate diversity decreases with increasing level of pollution. The considerable isolation of urban green areas (parks, squares, flowerbeds, grass spots and water bodies) from the ecosystems surrounding the cities leads to a decrease in biological diversity [7, 8] . According to the modern trends, the majority of the townspeople become isolated from the nature. The citizen's isolation from nature in megalopolises is accompanied by psychological discomfort [9] . Thus, nowadays the importance of green areas as location for recreational activities is obvious. Currently, projects are aimed at combining the residential areas with green planting to a greater extent. However, this task can be fulfilled in two ways: by construction of artificial green zones instead of natural ones or by conservation of native landscape fragments amidst the buildings.
A study of the arthropod assemblage structure may provide more general insights into the phenomenon of urbanization [1] . Several papers concerning this aspect have been published, dealing with the diversity of ground beetles in urban landscapes [10] [11] [12] [13] [14] [15] [16] [17] [18] . The majority of research is focused on the study of woodlands in cities (parks, remains of natural forests) [19] [20] [21] , and very rarely -open habitats -such as meadows or grasslands [22, 23] .
In this article, the results of a comparative analysis of the structure of ground beetle assemblages and species richness in the green areas of the Lublin are presented; the well-known approach of urban-rural gradient has not been adopted. The questions discussed in this paper are: (1) whether the landscape elements determines the species composition of ground beetles assemblages and species richness in urban green areas; (2) what are the differences in the structure of ground beetles assemblages between the studied green areas (based on the habitat affinity of carabid species and their dispersal ability).
Materials and methods

Study area and sampling
Our investigations were carried out in different green areas located within the city of Lublin (Eastern Poland) (Fig. 1) . These urban green areas are located in the three administrative (historic) parts of this city -Downtown; gully "Rury" and "Za Cukrownia". One area was located in Saski Park (Downtown); this is an old park in Lublin which was founded in 1837. The second green area located among housing estates ("Rury", along T. Zana Street) is undeveloped, overgrown with trees and grass. The third green area includes the different sites along Bystrzyca riverside (outskirts of Lublin University of Technology); it is located on the section of floodplain between the Public Park and Riding Club of Lublin. Saski and Public parks belong to cultural habitats and are visited by many people. All studied territories are under considerable human impact.
In total, 17 sites of the above-mentioned green areas were investigated and their description is given in Table 1 . Ground beetles were collected using pitfall traps. In each study site pitfall traps were emptied every day [24] . Carabid data were pooled at each site per visit. The study was conducted during the vegetation period prior to the reconstruction in the Saski Park and the construction of the stadium "Arena Lublin" in the Bystrzyca floodplain. green areas. The numbers correspond to the studying sites for each green area and their description is presented in Table 1 . Abbreviation: LUT -Lublin University of Technology Ground beetles (Carabidae: Coleoptera) were identified to species level using key [25] . Nomenclature follows Hurka [25] . The habitat preferences and the dispersal capabilities of carabid species were obtained from the literature [26] [27] [28] [29] . According to their habitat preferences, ground beetle species were categorized into forest species, generalists, open-habitats species, riparian and tyrphobiont species. In order to better assess the disturbance level of the green areas, we considered the dispersal capabilities of carabids. According to the wing development carabid species were classified into: brachypterous species which disperse solely by walking; macropterous species which mainly disperse by flight and dimorphic species containing both macropterous and brachypterous individuals.
Statistical analysis
Average density of carabid beetles (number of individuals per trap and day) was used in analysis. In order to conduct the statistical analyses, specimens trapped in pitfalls were pooled per site per green area. The species traits were presented as proportions of the total of carabid species and individuals found in each green area.
Rarefaction was used to estimate the species richness at the different green areas. The analysis of rarefaction gives an estimation of the expected number of species while taking into account the sampling effort and total number of catches [30] . The beta-diversity indices by Cody and Whittaker were used to assess the habitats diversity of the studied urban areas. The differences in the species composition and abundances between sites were examined by means of hierarchical cluster analysis, using group-average linking based on the Bray Curtis similarity matrix. Moreover, Sorensen index of similarity based on the qualitative data was calculated. The differences in carabid assemblage composition between the studied urban green areas were visualised using non-metric multidimensional scaling (NMS) ordination. Non-metric scaling is a non-parametric ordination technique that performs well with datasets, where the underlying species response patterns cannot be specified a priori [31] . Bray-Curtis distance was used for this analysis, and significance of ordination axis was evaluated. Calculations were performed using the PRIMER v6 [32] and Diversity 3.0 software packages.
Results and discussion
A total of 862 individuals belonging to 65 species were caught, 54 of which occurred in sites of Bystrzyca riverside, 21 species in the Saski Park and 15 species in the gully "Rury" ( Table 2 ). 36 species from 16 genera were registered exclusively in the floodplain of Bystrzyca, six species from 5 genera were found only in the Saski Park, and three species were detected exclusively in the gully "Rury". In all the studied green areas of Lublin, 18 generalist species, 17 open-habitat species, 15 riparian, 13 forest species and 2 tyrphobionts were recorded (Table 2 ). In addition, four species listed as being under national conservation in the Poland red data book [33] were found -Carabus granulatus, C. nemoralis, Badister dorsiger and Oodes helopioides and other red list of European countries [34, 35] .
The observed species richness is high for the urbanized territory. This observation is confirmed by comparison with data for other European cities. For example, Zelazna and Blazejewicz-Zawadzinska [20] conducted a research in six urban green areas of the Bydgoszcz (Poland) in 2000-2003 and 87 carabid species found. In 12 semi-natural grassland sites in the greater Helsinki region, a total of 78 carabid species were caught [23] .
A total of 99 carabid species were collected in ten different forest fragments, situated around the capital Brussels in Belgium [36] . 70 species were collected in three forests of the Olsztyn (Poland) during one year [37] . According to Tóthmérész et al. [38] , 50 species were found in forests nearby the city of Sfantu Gheorghe along rural-urban gradient (Romania). Over the past 20 years in six Swiss cities the 91 ground beetles species were recorded on green roofs [39] . In three woodlands in the City of Debrecen (Hungary) 50 species of carabid beetles were registered [40] .
Overall, the most abundant species in the study areas were Nebria brevicollis (22% of the total catch), Platynus assimilis (15%), Harpalus latus (7%) and Leistus rufomarginatus (6.6%). Of these, the three species N. brevicollis, P. assimilis and L. rufomarginatus were abundant in the Saski Park, but H. latus was abundant in the gully "Rury". Similar results were observed by Kosewska et al. [37] : Nebria brevicollis and Platynus assimilis were abundant carabid assemblage from the parks of Olsztyn. The most numerous species in green zones of the Bydgoszcz were such species as Calathus erratus erratus, Calathus fuscipes, Pterostichus oblongopunctatus and Harpalus tardus [19, 20] .
Because the territory of the Lublin and the studied green areas are located in the northern part of Lublin upland (landscape between three river valleys -Bystrzyca river and its tributaries Czernejowka and Czechowka), we hypothesized that they were very similar in terms of the species composition and the species richness. Rarefaction curves for species in the Saski Park and in the floodplain section of the Bystrzyca river began to level off only at the maximum sub-sample sizes (number of individuals) (Fig. 2) . The green area of the gully "Rury" has the lowest species richness of carabids, due to the vicinity of a residential neighbourhood and increased mowing in park. The rarefied species richness was higher in the Bystrzyca riversides. Therefore, the green areas of the Lublin are distinguished by their potential in maintaining a species diversity of ground beetles. As the urbanization (habitat fragmentation and isolation) affects the diversity of ground beetles assemblages, we compared these green areas (based on Sorensen's index of similarity). The species composition similarity between the studied green areas is low (less than 40%): between the floodplain section of the Bystrzyca and the gully "Rury" -29%, between the section of the Bystrzyca and park -35%, between park and of the gully "Rury" -39%. The observed low degree of similarity between these territories is determined by the spatial heterogeneity of the urban environment and by their spatial isolation. Gaublomme with co-authors [41] states that habitat fragmentation may not lead to a loss of diversity in the short time, but rather to changes in community structure; because of the increasing disturbance and high fragmentation of urban green spaces are common [15, 16] .
The cluster analysis showed significant differences in the species composition of ground beetles from the studied green zones (Fig. 3) . The sites of Saski Park and "Rury", which are located among residential areas, were grouped into one cluster, and the sites of floodplain of the Bystrzyca formed another cluster. One site of the Bystrzyca floodplain (B8 -overgrown with trees and shrubs) adhered to the sites of the park and the gully, which is explained by the presence of common forest species -Carabus nemoralis, Nebria brevicollis and Platynus assimilis.
Non-metric scaling ordination also shows clear differences, along ordination axis 2, between the habitats of the Bystrzyca river floodplain and two green areas (Saski Park and gully "Rury") located in the city centre (Fig. 4) . The difference between them corresponds to the degree of violation of environmental conditions. The consequences of urbanization, including: reducing soil moisture, mowing lawns and trampling in the park and the gully, affected the composition of the assemblage. These changes of the environment indirectly affect the species composition of ground beetles, reducing the survival of beetles in different stages of their development. At the same time, the species composition of the assemblage at floodplain of the Bystrzyca is determined by the connection of this landscape this valley of the river. Until now, the populations of beetles have been preserved in the artificial riversides of Bystrzyca, characteristic of natural river valleys, as will be discussed below. Fig. 3 . Dendrogram of cluster analyses using the Bray-Curtis index as the similarity measure and the group average linkage method on the basis of the species composition in the green areas of the Lublin. The codes corresponding to study sites are presented in Table 1 Fig . 4 . Diagram NMS ordination of the sites in the green areas of the Lublin, based on 65 carabid species. For explanation of labels see Table 1 The analysis of species assemblages with respect to their traits is a known approach to the understanding of the processes observed in urban landscapes. It is obvious that urban
Study sites of the green areas environments are dominated by generalists and open-habitats species. As a consequence, the species composition of the assemblages in cities becomes homogeneous, mainly due to the loss of species specialists [42] [43] [44] . The significant alteration of the original habitats in the urban areas was also reflected by the higher number of open-habitat species which prevailed in the city centres [45] . Thus, in our study, the generalists (28% of the total species) and open-habitat species (26% of the total species) accounted for half of the total number of recorded carabid species in the green areas (Fig. 5a, b) . At the same time, forest and generalist species were most numerous in all green areas (Fig. 5b) . The carabid beetle assemblage of the floodplain of Bystrzyca is composed of five habitat affinity groups; with dominance of riparian (28%) and open-habitat (26%) species (Fig. 5a ). As expected, representatives of riparian and tyrphobiont habitat affinity groups were recorded only in floodplain of the Bystrzyca; riparian species were the most abundant (Fig. 5b) .
Three habitat affinity groups are represented in the structure of the carabid beetle assemblages of the Saski Park and the gully "Rury", with a dominance of open-habitat species (38 and 47% respectively) (Fig. 5a) . Hence, the abundant species in the Saski Park and in the gully were of forest species, while the generalists were numerous only in the gully (Fig. 5b) . The prevalence of forest species may indicate that these habitats were once covered by forests. Urban habitats can contribute to the survival of species if their primary habitats are under significant pressures. The effects of urbanization lead to increase of generalist species and this is indicated by changes in assemblages. Table 1 A number of previous studies have shown that the assemblages of disturbed habitats contain more highly mobile species capable of flight [45] . High dispersal capacity of species is an important prerequisite of existence in urban environments. Our hypothesis that there would be more macropterous species in the green areas was supported. Carabid species with high dispersal ability prevailed numerically, as well as by the species richness in all studied green areas (Fig. 6a, b) . The high number of flying species in the floodplain of the river Bystrzyca is understandable, because of unstable conditions and the need of searching of suitable habitats; this is why the riparian species with active dispersal ability are presented here. In carabid assemblage of the Saski Park, the macropterous (52%) and dimorphic (38%) species are dominant (Fig. 6a) . The prevalence of macropterous species in both park and gully is caused by the conditions in unstable habitats (covering from asphalt, broken flower beds and lawns). each green area and for all study green areas of the Lublin. Abbreviation of green areas is given in Table 1 Only three brachypterous species were found in our study and they all are forest species. Thus, C. nemoralis and Stomis pumicatus occurred in the Saski Park, Patrobus atrorufus and C. nemoralis were found in the sites of Bystrzyca floodplain (Table 2 ). This situation has been noted by other authors, stating that fewer brachypterous and many more macropterous species are present within urban areas [16, 46] .
As analysis of beta-diversity shows (Fig. 7) the highest values of Cody and Whittaker indices were noted in valley of the Bystrzyca, as opposed to other green areas -park and gully "Rury". Hence, the values of these indices increase considerably due to the presence of green areas in Lublin (Fig. 7) , which confirms the importance of conserving all existing greenery or residual natural complexes. Fig. 7 . Beta-diversity indices by Cody (Bc) and Whittaker (Bw) for each studied green area calculated separately and in total (all studied areas)
Conclusions
The various green areas in Lublin differ in terms of species richness of carabid beetles. The assemblages are limited to the isolated cultured sites (such as park with lawns and 
Cody, Bc
Whittaker, Bw gully) and habitat patches along riversides of Bystrzyca. In our case, the floodplain of the river Bystrzyca (i.e. remnant of natural intrazonal landscape) is a corridor linking the green areas with the rural habitats outside the Lublin city. This is important to improve the connectivity and thus facilitate species migration and species persistence in small habitat patches of urban environment. However, the lack of connection between isolated habitats can limit their role on a landscape scale, and therefore they cannot perform the role of a refuge, especially for rare and protected invertebrate species. The presence of protected carabid species (C. granulatus, C. nemoralis, B. dorsiger and O. helopioides) in urban sites of Lublin shows that not only the conservation of landscape elements is important for the preservation of biological diversity, but also the developments of the infrastructure of artificial green zones.
